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O that a pipe is provided with at least one conductive spiral layer for inspecting and repairing the wall thereof by laser. Said layer 
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(57) Pe4>epaT: H3o6peTCHHe othochtca k Tpy6aM, Tpy6onpoBO^aM h TOMy noAoGHUM o6i>eKTaM h 
MO^ceT Mcnojib30BaTbca b aBHauHH, MCTajuiyprHH, cyaocTpoeHHH h Tax Ranee. Ero 
3a,aaHa - noBbiuieHHe OTKa3oycToiiMHBOCTH KOHCTpy kuh h . PeuiaeTca reM, hto Tpy6a 
HMeer, no MeHbiuefi Mepe, oahh npoBO^mHfi cnHpajibHbm cjioft win KOHTpoJia h 
peMOHTa creHKH jia3epoM. 4>opMHpyK>T cjioh b ctchkc HaicaTKOH h 3anojiHeHHeM 
HanaTKH CTeioioM, o6cjie,ayK>T ero onraHecKHMH KOJie6aHH»MH h onpeaejiaioT jie4>eKT 
cTeHKH. LUar cjioa - orpaHHHeH. PaccroaHHe Ae4>eiera hqxomt no jmnne Tpy6onpOBO- 
m h BpeMeHaM npo6era onTHHecKHX HMnyjibcoB. 3aneHHBaiOT TpemHHy TenjioM 
KOJie6aHHH b ee pacKpbrrae. Ecrb flpyrae otjihhh*, b tom HHCJie b ycTpoficrBe. 
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M3o6peTeHMe othochtch k Tpy6aM, Tpy6onpoBoaaM h TOMy noao6HbiM 
o6i>eKTaM h MOHceT HcnoJib30BaTbCH b aBHauHH, MeTaajiyprHH, cy/iocTpoeHHH, 
He<|>Tera3OB0H, paKCTHO-KOCMHwecKOM, xHMHMecKOH h zipyrHX OTpaCJIflX npoMbim- 

JieHHOCTH. 

H3BecTHbi Tpy6w, co6HpaeMbie b Tpy6onpoBo,abi cBapKofi, MexaHHHecKHM 
HaTaroM hjih pe3b6ofl [1]. IlpHHeM, Tpy6bi c pe3b6oBbiM coeflHHeHweM coaepacaT 
UHJiHHflpHHecKyio o6ojiOMKy h KOHueBbie pe3b6bi. HeaocrraTOK Bcex 3thx h3acjihh - 
HH3KctH KOHTpojienpMro^HOCTb h BbicoKa« TpyaoeM KOCTb peMOHTa, hto Be^er K 
rpoMaaHbiM noTepHM b npoMbiiujieHHOCTH, b tom HHCJie H3-3a ocTaHOBOK aKcnnyaTa- 
uhh Tpy6onpoBOAOB 5 TaK kslk KOHCTpyKUHJi uHjiHHzipHHecKOH o6ojiomkh He npe^ycMa- 
TpHBaeT HaAJieacaiUHe <J>yHKUHn. 

M3BecTeH cnoco6 kohtpojik He<J>TenpoBo,aoB, 3aKJnoHaK>mHHCH b tom, hto 
b6jih3h He<})TenpoBOAa (Hec^TexpaHHJiHma, cmkocth juia xpaHeHH* He<J)TenpoziyKTOB) 
MOHTHpyioT Ka6eJib-iiaTHHK, nojiKjiiOHaioT Ka6e;ib-ixaTHHK k MOHHTopy h no noKa3a- 
hhhm MOHMTopa onpeaejifliOT Tenb Ha ynacTKe He^TenpoBoaa [2]. Cnoco6 onpcaejiaeT 
CKB03Hbie Ae4)eKTbi 6e3 ocTaHOBKH He4>TenpoBOAa h Aoeryna k KOHCTpyKUHH. Ochobh- 
BaeTca Ha pa3aejieHHH >khji Ka6enb-,aaTHHKa chhtcthhcckhm ,HH3JieKTpHKOM, pacTBopa- 

K)IHHMC« HC(J)TbK). OHa H3MCHHeT 3JieKTponpOBOA5nUWe CBOHCTBa ^aHHoro /jaTHHKa, 

UHKJiHnecKH TecTHpyeMoro KOMnbioTepoM, hto (J) h kc h pycTcn , o6pa6aTbiBaeTCH h 
npeACTaBJuieTCH Ha 3KpaHe flHcruiea annapaTHO-nporpaMMHbiMH cpeacTBaMH 
MOHHTopa. OnpeaejieHMe Tenw (0TKa3a HecJrrenpoBO/ia) mo5kct CHJibHO 3ajjep^cH BaTbC a . 
HanpHMep, B xojioOToe BpeM« roaa npH bo3hhkhobchhh m&fioh yTenKH, Konaa rpyHT 
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3a noayuiKOH BOKpyr Tpy6bi 3aMep3aeT, Bbixozmmaa H3 Tpy6onpoBOAa He<l>Tb cryma- 
ercH h ee no,aBH*CHOCTb yxyauiaeTCH, hto aioyajibHO ajih hc(J)thhmx MecTOpoacaeHHii 
CeBepa Pocchh. 3aBHCHT 3to b ochobhom ot TeMnepaTypw, Bbrreicaiomero b ejxmmuy 

5 BpCMCHH o6i>^Ma, CKopocTH pacnpocTpaHeHHfl npoayicra, paccTOHHHa ot yreHKH ao 
aaTHHKa h TeMna pacTBopeHHH TaKoro flH3JieKTpHKa. Xoth HecKB03Hbie noBpeacAeHHfl 
Tpy6 BCTpenaioTCfl name, cnoco6 «bhaht» tojibko HapyuieHHe pa3AenHTejibHOH 
4>yHKUHH o6ojiohkh b npouecce 3KcnjiyaTauHH. MecTO tchh BbiflBjmeTca hm He tohho, 
hto 3aTpy,aHfleT h yflopoaeaeT peMOHT ynacTica. HaKOHeu, peineHHe He pa6oTaeT Ha 

10 bow-, naponpoBO^ax h apyrax o6i>eKTax. 

YcTpoficTBO ajia ocymecTBJieHHfl cnocoGa co^epMCHT nocjieaoBaTejibHO coean- 
HeHHbje nep^opHpoBaHHyio Tpy6Ky, Ka6ejib-AaTHHK, coaepacaiuHH ABa H30JiHpoBaH- 

HblX npO-BOAHHKa, H MOHHTOp [2]. OHO MaJI034>4>eKTHBHO H 3*3a BJIHHHHH 3JieKTpOMaT- 
HHTHblX nOMeX. HX HCKJTIOHaiOT C nOMOlUblO KOHTpOJIbHOrO Ka6eJIH, AH3JieKTpH K KOTO- 

15 poro yrjieBO^opo^bi He pacTBopaiOT, h MOHHTopa, BbiHHTaiomero CHrHajibi c Ka6ejiefl. 
CnrHaji yreHKH, B03HHKaK>mHH Ha oahom Ka6ejie, perHCTpHpyiOT 6e3 npo6jieM. 

HaH6ojiee 6jih3khm no TexHHMecKOMy cymecTBy k npezuiaraeMOMy hbjih- 
eTCH cnoco6 KOHTpojia He<|)Tera3onpoBOAOB 6ojibiuoro AHaMeTpa, 3aKJiK)HaiomHHCH b 
tom, hto o6cjiej5yiOT Tpy6onpoBOA MexaHHnecKH nepeMemaiounHMCH b hSm nopuiHeM, 

20 perHCTpHpyiOT KOHTpo/ibHOH annapaiypoH nopuiHa ero MecronojioaceHHe no AJiHHe 
Tpy6bi h 3HaneHHH <J)H3HHecKHx nojieH ctchkh, h nocjie o6cjieflOBaHHH no napaMeTpaM 
pemcTpauHH yKa3biBaiOT Ae^eKTbi ctchkh h hx xapaicrepHCTHKH b Tpy6onpoBOAe [3, 
4]. Cnoco6 BbWBJiKeT pa3BHBaiomHecH h onacHbie H3 hhx (kphth nee k h e) Ae4>eKTbi 
creHKH, TaK KaK bo3mohcho onpe,aeJieHHe pa3MepoB, npHpameHHfi, ckopocth pa3BHTHH 

25 h MecTonojiOHceHHa noBpe>K^eHHH. TaKHM o6pa30M, npeAnoJiaraeTca HCKjnoneHHe 
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OTKa30B, HO CJia60 yHHTblBaiOTCH 3aTpaTbI 3KCn^yaTaUHH Ha KOHTpOJlb H peMOHT 

o6"bCKTOB, Heo6xoAHMbifi npw y cTpaH e h h h Hatt^eHHoro zie^eicra m ero nponycne. 
Tpe6yeTca BHyTpeHHHi* Aocryn k Tpy6e, ocHameHHe ee KaMepaMH npHeMa-3anycKa, 
5 kom n bK)TepHa5i ceTb h ocHOBaTejibHoe nporpaMMHoe h MeTpo/iorHHecKoe o6ecne- 
neHHe. HeaocTaTKOM 3Toro cnoco6a, KaK h BbiiueynoMHHyToro cnoco6a, HBJiaeTca 
HeBbicoKaa Ha^e>KHOCTb. npHHHHbi oneayiomHe: 

1). Ko3<})4)HUHeHTbi BbiflBJiaeMOCTH h nporH03a jie4)eKTOB He jiocTHraKyr 
3Aecb npeaejibHbix bcjihhhh. B ochobhom, H3-3a oraomeHHa cwrHan/uiyM 3jieKTpoH- 
10 hwx n3MepeHHi4, a TaK>Ke mctouhhcckhx h HHCTpyMCHTajibHbix norpeuiHOCTefl 

Hepa3pyuiaiomero KOHTpona, b t.h. npo6;ieM cpaBHeHHfl jxefyeKra c 3TajioHOM (cfcopMa, 
pa3Mep, opHeHTauH» m pacnoJioaceHHe OTHOCHTeJibHO CBapHbix lubob, 30h TepMHnec- 
Koro BJiHHHHfl h o6pa3yioiUHX Tpy6onpoBoaa - BepxHefi, hidkhcm), oiuw6Ka H3MepeHHK 
paccroflHwa no jae4>eKTa h nponee; 
15 2). 06cjieziOBaHHe nopuiHeM cyuxecTBeHHO aojibuie tccth poBaHHfl Ka6ejib-,aaTHHKa 
KOMHbKyrepoM h He BbiHBJiaeT nepexoA pa3BHBaiomeroca ae^eKTa b pa3p*m onacHoro. 
IlepexoA HacTynaeT npH aocTHHceHHH Ae^eKTOM oKOJiOKpHTHnecKoro pa3Mepa 
(ycnoBHe rpw4)$HTca), ho bo BpeMeHH He onpeneneH. H3-3a pa36pocoB 4>h3hko- 

MexaHHHeCKHX CBOfiCTB MaTepHaJia, TOHIUH CTeHKH, ee KOpp03HH, CTaTHKO-flHHaMH- 

20 necKOH Harpy3KH, h TaK aajiee. MHHHMajibHbiH nepHOii cnoco6a 3ajaaH cyMMOH BpeMeH 
KOHTpojifl ysacTKa, B03BpameHHH k HCXO^HOMy nyHKTy H noAroTOBKH nopiUHfl ajih 
HOBoro o6cjie^oBaHHJi 6e3 yneTa BpeMeHH c6poca h o6pa6oTKH HH(J)opMauHH b cera. 
PeaJibHbifi nepnoA oGcjiezioBaHWH o6i>eKTOB - 6o;iee 2-3 jieT. A TaKOH o6menpH3HaH- 
Hbifl Ae^eKT KaK TpemHHa, HBJiaKHUHHca, b nacTHOCTH, noTeHimajibHbiM hctohhhkom 

25 OTK330B h TaweJibix aBapHH Ha raonpoBoaax, noapacTaeT cjiynafiHbiMH cKanKaMH 
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HeH3BecTHO Koraa. FIpHHeM cKopocTb CKaMKa, ycTynaa ckopocth yjibTpa3Byica b CTajiH, 
npeBOCxo/iHT CKopocTb nepeMemeHHfl noptuHH Ha 2-3 nopaaica. BejiMHHHa cKanica He 
jiHMHTHpoBaHa: 10%, 400-500 h 6oJiee % ot kphth necicoro pa3Mepa, - b6jih3h tohkh 
5 nepexoAa, Tax Ha3WBaeMaa MaracTpaJibHaji TpeuwHa. FipH aBapHax Ha rajonpoBoaax 
OHa AOcraraeT khjiomctpoboh phhh, Ha He^TenpoBOjiax - HecicojibKHx MeTpoB; 

3). Be30TKa3H0CTH nopuiHH npenaTCTByeT ero cjioacHOCTb. Oh coAepacHT [3, 4]: 
repMeTHHHyio ceKUHOHHyio KOHCTpyKUHio, HaxoAamyioca noA AaBJieHHeM cpe^bi c 

B3pbIBO- , nOHCapOOnaCHblMH, TOKCHHHblMH H AP>THMH CBOHCTBaMH; npHBOA C 

10 ycTpoflcTBOM H3MepeHH« MecTOnojioaceHHa; BbicoKOTOHHbie aHajioro-uH(tpoBbie 

KaHaribi; cneunajibHyio 3MB c nporpaMMaMH; hctomhhkh cTa6HJibHoro ajieicrponHTa- 
hhh, nenaTHbie njiaTbi, pa3T>e\ibi h naftKH; yjibTpa3ByKOBbie, 3 jieicrpOMarHHTH bie h 
Apyrne ranbi AaTHHKOB ajih bbiabjichhh aHOMajiHH b MaTepnajie ctchkh; 
HaMarHHHHBaiomee ycTpoftcTBo h TOMy noAo6Hoe. IlpHHeM, Bee 3to aoji>kho pa6oTaTb 

15 b ycJiOBHax roAOBoro nepenajia TeivinepaTyp 70-90°C, mto ocjioxchhct Aejio. 

H3BecTHbi cnoco6 h ycTpoflcTBO ajih peMOHTa Tpy6onpoBOAOB [5], ocHOBaHHbie 
Ha BHeumeM y npoHH e h h h Tpy6bi. B 3TOM cnoco6e mccto noBpeacAeHH* Tpy6onpoBOAa 
jiOKajiH3yiOT ao o6pa30BaHHH MaracTpajibHOH TpemHHbi, a Tpy6onpoBOA ynpoHHaioT 
nepeA yiuioTHCHHCM noBpeacAeHH* nocjie noHH^ceHH« AaBJieHHH [5]. Yctpohctbo 

20 coAep)KHT He MeHee AByx ynjioTHeHHH b bhjxq noAKpenjiaiomHX cnHpajibHbix 

3JieMeHTOB, HaMaTbiBaeMbix Ha Tpy6y no o6e cropoHbi ot TpemHHbi, HMeiOTca b h€m h 
Ap. AeTanH [5]. HeAOCTaTOK Taxoro BOCCTaHOBJieHHH Tpy6onpoBOAOB - OTHOCHTeAbHan 
TpyAoeM KOCTb h npoAOJDKHTejibHocTb pa6oT, TaK Kan Tpe6yeTCH AocTaBKa 
TpaHcnopTOM o6opyAOBaHHH h pa6oHHX k MecTy noBpeacAeHHa, pacKonKa 

25 3KCKaBaTopoM rpyHTa BOKpyr Tpy6bi, co6cTBeHHO peMOHT h TOMy noAo6Hoe. 
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M3BecTeH Taiotce mcto^x koktpojih h BoccTaHOBJieHH* o6t>cktob, noBpeacaeHHbix 
uapanHHaMH [6]. Ha njiacraHKy c yr;iy6jieHHHMH HaHOCHT noRpbrrne, aaHHbie b 
cnnpajibHOH ziopo>KKe npH 3anncn nepeMeacyioT, a BOCCTaHaBJiHBaK>T hx no 3aaaHHbiM 
5 npH3HaKaM npw BOcnpoH3Be,aeHHH HH^opMauHH [6]. llpoHrpbiBaTejib KOMnaicr-AHCKOB 
coaepacHT jia3ep, ABHraTejiH, npw3My, $otojwojx, Koaepbi, cxeMbi naMara h apyrne 
3JieivieHTbi [6]. He^ocTaTOK stoh KOMmieKCHOH TCXHOJiorHH - epameHwe njiacTHHOK, 
hto orpaKHHHBaeT ee npHMeHeHHe ABH^cymMM hch o6i>eKTaMH. 

B cBeTe H3Jio^<eHHoro H3BecTHbie TexHHnecKHe pemeHH* no 4>yHKUHHM, 

10 KOHCTpy KU.M fl M , CnOC06aM M yCTpOH CTBaM KOHTpOJIH M peMOHTa 06bCKT0B nOTCHUHaJTb- 

ho He MoryT o6ecnenHTb 6e3aBapnHHOH 3KcnjiyaTaunH He<J)Tera3onpoBOAOB, hto 

npHBOHHT (H 6yjaeT npHBO^HTb) K 3HaHHTeJlbHbIM MaTepHaJIbHblM, npOH3BO£CTBeHHbIM, 
CbipbeBbIM, BaJlK)THO-4)HHaHCOBbIM H flpyrHM Ba>KHbIM nOTCpHM. npMMepoB TOMy B 

pa3JiHHHbix cTpaHax cymecTByeT npcaocraTOHHO. 
1 5 3aaana H3o6peTeHnn - noBbimeHHe oTKa3oycTOHHHBOCTH Tpy6, Tpy6onpoBOAOB 

h TOMy noAo6Hbix otbctctbchh bix o6i>eKTOB nyreM onpeaejieHH* ^e4)eKTOB h ynpon- 
HeHHH noBpc>KneHHOH CTeHKH b peajibHOM MacuiTa6e BpeMeHH. llozi3aaaMH: 

- npHflaHMe KOHCTpyKUHH UHJIHHflpHHeCKOH 06OJIOHKH CBOHCTBa npOMblUIJlCHHOH 

KOHTpojienpnroAHOCTH, Bianonaiomero CBoeBpeMeHHoe h tohhoc onpeaeJieHne 
20 MecTonojio^eHHH, pa3Mepa h ckopocth pa3BHTH*i zie^eKTOB; 

- CBOHCTBa BOCCTaHOBJieHH5I M yMeHbiueHne TpyAOeMKOCTH peMOHTa noBpe>KAeHHOM 
CTeHKH. 

3aaana peiuaeTca Teivi, hto H3BecTHafl Tpy6a [1] HMeeT, no MeHboien Mepe, oahh 
onTHnecKH npoBOA^LUHfi cnnpaJibHbiH cjioh rsi* kohtpojia h peMOHTa CTeHKH. Tpy6o- 
25 npoBOfl co6paH H3 Tpy6, b KOTOpbix yKa3aHHbifl cjioh BbinojiHeH b ctchkc b BH/ie 
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KaHaBKH, sanojiHeHHofi CTeKJioM. B cnoco6e kohtpojih Tpy6onpoBOflOB, hphhhtom sa 
npoTOTHn [3], 3aKjiioHaiomeMC$i b tom, hto o6aneixyioT TpyoonpoBoa, perHCTpHpyioT 
xapaKTepHCTHKH creHKH m onpeaejiaioT eg fle^eKTbi, OTjiHHaioiUHHCH TeM, hto HaKaT- 
5 koh cTeHKH h 3anojiHeHneM HanaTKH ctckjiom 4>opMHpyioT b TpyoonpoBoae, no MeHb- 
lueii Mepe, owh npoBoasnuHfi cnHpajibHbiH cjioh, o6cjieayiOT ero onranecKHMH 
KOJie6aHHHMH, a Ae4>eKTbi ctchkh onpeaeJiaioT no H3MeHeHHio napaMeTpoB KOJieoaHHft. 
K TOMy we, bhhtoboh uiar cjioh Bbi6HpaK)T He 6oJibiue ajihhm kphthhcckoh -rpeuiHHM 
Tpy6onpoBOfla. PaccTOHHHe no Ae^eicra Haxofljrr no npOH3BeaeHHio jxuhhu Tpy6o- 
10 npoBoaa Ha oTHomeHHe BpeMgH npo6era onTHnecKHx HMnyjibcoB nocjie h ao noHBJie- 
hh« ae^eicra. OopMHpyioT cjioh pa3HOH ae^opMaTHBHOCTH, a cpoK OTKa3a Tpy6o- 
npoBoaa onpeaejuiioT pacneTHbiM nyreM no 3HaneHHaM ne(|>opMaTHBHOCTH CJioeB h 
CTeHKH h MOMeHTaM BpeMeHH paspyuieHHH CJioeB. B cnoco6e peMOHTa Tpy6onpoBOflOB 
[5], 3aKnt04aiomeMC» b tom, hto noHHacaior b nojiocTH aaBJieHHe h BoccTaHaBJiHBaiOT 
1 5 ne<l>eKTHyK> cTeHKy, oTjmnaioiuHHca TeM, hto aHanorHHHO npeabmymeMy cnoco6y 
(|)opMHpyK>T b Tpy6onpoBoae yKa3aHHbm cjioh, o6cjienyioT ero, ho no H3MeHeHH«M 
onTHHecKHX KOJie6aHHH noHHwaiOT aaBJieHHe b nojiocTH, a BoccTaHaBJiHBaiOT 
ae(J)eKTHyio CTeHKy TenjioM KOJie6aHHfi, nponycKaeMbix cjioeM b pacKpbiTHe TpemHHbi. 
noTOK Tenjia b pacKpbrrne TpeuwHM peryjinpyioT MOiUHOCTbio nponycKaeMbix 
20 KOJie6aHHH. MomHOCTb nponycKaeMbix KOJie6aHHfi yBejiHHHBaiOT cryneHSiMH. BMecTe 
c TeM, ycTpoficTBo joji« ocymecTBJieHHfl cnoco6a [2], coflepacamee aaTHHK h mohhtop, 
OTJiHnaiouieecfl TeM, hto CHa6*eHO nocJieaoBarejibHO coeiiH hSh hwmh 6jiokom 6ec- 
nepe6oHHoro nwTaHHfl, npeo6pa30BaTeJieM nocTOJiHHoro HanpaaceHH* b nepeMeHHoe h 
onT03JieicrpoHHOH napofi, KOTOpaa coeflHHeHa c aaTHHKOM - BOJiOKOHHO-onTHnecKOH 
25 JiHHHeH, o6pa3yiomeH npoBoaaiuHH cnnpanbHWii cjioh Tpy6onpoBO.ua, h nepBWM 
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bxoaom MOHHTopa, BTopofl bxoa KOToporo noflKJiiOHeH k Bbixcoy npeo6pa30BaTejiH 
HanpH5KeHH« b nepeMeHHoe. JJpyroti BapnaHT ycTpoficTBa hmcct b onT03JieicrpoHHOH 
nape H3JiynaTejib b BHjoie jia3epa, - nojiynpOBOflHHKOBoro Jia3epa. 
5 Abtop He 3HaKOM c aHajiorHHHWMH petueHHHMH H3o6peTaTenbCKOH 3aaaHH 

B flaHHOH HUH 6J1H3KHX 06jiaCTHX TeXHHKH. IlO3T0My H3J105KeHHyiO COBOKyilHOCTb 

oTJiHHHTejibHbix npH3HaKOB cHHTaeT cymecTBeHHofi. 

CxeMa H3o6peTeHH» no,apo6HO npeflCTaBJieHa Ha cjmrypax 1-6. 

Ha 4>Hrype l noKa3aHbi BapnaHTbi Tpy6w c npoBOflffmHM cnnpaJibHbiM cuoeM, 
10 rue 1 - Tpy6a (Tpy6onpoBO,a), 2 - creHKa, 3 - BHeuiHaa cnnpajibHaa noBepxHocTb, 4 - 
BHeiiiHHH yKa3aHHbift cjioh, 6 - BHyTpeHHHe cnHpanbHbie noBepxHOCTH (oflHa - cjioh); 

Ha 4>Hr.2, 4>Hr.3 h <J)hi\4 noKa3aHbi pa3pe3bi cnnpajibHoro cjio5i b yBejinneHHOM 
MacuiTa6e, r,ae 5 - rpaHwua bhcujhhx crwpajibHbix noBepxHOCTeii, 7 - rpaHHua 
BHyipeHHHx cnnpajibHbix noBepxHOCTefi, 8,9 h 10 - cooTBeTCTBeHHO cpe3bi 

1 5 OflTHHeCKOrO BOJIOKHa, 3IIOKCH,UHOH MaTpHUbl H iXBOHHOrO CJIOfl B KaHaBKC 

Ha (Jwrype 5 - annpoKCHMHpoBaHHM anarpaMMa pacTjraceHHJi era™, rae c„ - 
npeaeji npoHHOcra, 5 - oTHOCHTenbHoe yjonHHeHHe npn pa3pbiBe, 1 1 - CTbiKOBOHHaa 
o6jiacTb jxjia Tpy6 c npOBO/uuuHM cnHpajibHbiM cJioeM H3 cTeicna. 

Ha (jmrype 6 - cxeMa h ycTpoficTBO kohtpojih Tpy6onpoBO,aoB h TOMy 
20 ncmo6Hbix o6beicroB. 

06o3HaneHHH cxeMbi cooTBeTCTByiOT (jmrype 1. Yctpohctbo coaepacHT noane- 
AOBaTe/ibHO coe^HHeHHbie 6jiok 1 2 6ecnepe6oHHoro riHTaHHH, npeo6pa30BaTexib 13 
HanpjiHceHHfl b nepeMeHHoe, onToaJieiopoHHyio napy 14 h mohhtop 15, apyrHM 
bxoaom noAKJiiOMeHHbiH k Bbixoay npeo6pa30BaTejiH 13. flapa 14 coeziHHeHa c npo- 
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bojwuihm cnHpajifeHMM cjioeM 4. 16 - CBapHOH ctmk Tpy6. 

H3o6peTeHHe 3aionoHaeTCfl b cJieayiomeM. Tpy6a (h apyrae H3flejiH« Ha 6a3e 
KOHCTpyKUHH uHjiHHjapHHecKOH o6ojiohkh) hmcct, no MeHbiuefi Mepe, OJXHH onTHMeCKH 
5 nposoAHiuHH cnHpajibHbiii cjioh (b AaJibHefimeM - nCC) juvi KOHTpojm h peMOHTa 
CTeHKH (cm. 4>nrypy 1). B uejiax npoMbiuuieHHoro kohtpojih h paHHero BOCcraHOBjie- 
hhh Tpy6onpOBO,abi h noflo6Hbie oTBeTCTBeHHbie o6i>eKTbi cHa6aceHbi EICC b cTeHKe b 

BUJXQ KaHaBKH, 3aiIOJIHCHHOH np03paHHblM K 3JieKTpOMarHHTHbIM KOJie6aHHHM 

onTHHecKoro AHana30Ha, TBep^biM BemecTBOM, HanpHMep, ctckjiom. nojiynaioT tbkhc 
10 o6T>eKTbi c6opKoft H3 BbiuieyKa3aHHbix Tpy6 (oSojioneic) h hhbim o6pa30M. fljia 3Toro 
4>opMHpyK)T b Tpy6e (no3HUH« 1 (Jmrypu l) H3BCCTHyio cnHpajibHyio noBepxHOCTb 
(no3HUHH 3, 4, 6 toh >Ke 4>Hrypw), HanpHMep, HaKaTKofi, mcthhkom hjih HcnapeHHeM 
nacTH cTajibHOH ctchkh (no3HUHH 2 TaM >Ke) c4>oKycHpoBaHHbiM jiynoM Jia3epa. 3anoji- 
HCHHe (no3HUHH 8 <|)Hrypbi 2) nojiyneHHott noBepxHOCTH ctckjiom, ocymecTB/wiOT, b 

15 HaCTHOCTH, HaMOTKOH B KaHaBKy BOJIOKHa OnTMHeCKHX J1HHHH CBH3H (B AaJIbHCHUICM 

- BOJIC), CKpenji^eMoro co ctchkoh aflre3Heft (b tom nncjie snoKCHAHbiM KJieeM - 
no3HUHH 9 TaM ace). IlopuieHb jxnx 3Toro (Ha (Jwrypax He noKa3aH) cHa6>KaeTca 
cooTBeTCTByiomeH TexHOJiorHHecKofi ocHacTKOH. OnepauHH 6ojiee 3<J)(|)eKTHBHbi b 
3aBOACKHX ycjioBHHX, TaK KaK cjioh nojiynaioT bwco ko n po H3 bo AHTe jibH wm TexHOJiorn- 

20 hcckhm o6opyaoBaHHeM (pe3b6oHape3Hbie, HaMOTOMHbie h Apyrne cpeacTBa). 
Ko3^4>HUHeHT Hcnojib30BaHHH MeTajma npH 4>opMHpoBaHHH KaHaBKH pe3b6ofi 
HaHMeHbuiHH. OAHaKO BHyTpeHHHH cjioh (no3HUHH 6 Ha (Jmrype l) BbiHBJiHeT 
He^ocTynHbiH BHeuiHCMy, a6pa3HBHbiH h3hoc ra3onpoBOAa MexaHHnecKHMH 
BKJiiOHeHHHMH b noTOKe npnpoAHoro ra3a, TaK KaK CTeHKa uapanaeTca tbcpammh 

25 necHHHKaMH h nocreneHHO yroHaeTCfl. 
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OopMHpoBaHHe ocymecTBJiHiOT no bhhtoboh jthhhh, mar kotopoh (no3HUHH h 

(|)HrypbI 1) OrpaHHHHBaiOT, B HaCTHOCTH, nOJIOBHHOH /UIHHbl KpHTHHeCKOH TpeiJUHHbl 

UHJiHH^pHHecKOH o6ojiohkh, Harpy*ceHHOfi BHyTpeHHHM AaBJieHweM, hto no3BOJiaeT 
5 cBoeBpeMeHHO onpeaejiHTb 100% onacHbix npoaojibHbix TpeiUHH b Tpy6onpoBo,ae h 
Apyrne ero 3KcnjiyaTauHOHHbie jie<J)eKTbL Be/iHHHHy 3Toro uiara paccHHTbreaioT, 
HanpHMep, no 4>opMyjie: 

h < WE/rco 2 , 

rae W — yaejibHaa pa6oTa pa3pymeHHH Tpy6onpoBO,aa; 
10 E - Moayjib ynpyrocTH K)Hra MaTepHajia; 

a - cpe^Hee pacTflrHBaiomee HanpaaceHHe. 
HanaTKe (KaHaBKe) npnaaiOT, b nacTHOCTM, TpaneuHH^ajibHoe ceneHHe (no3H- 
uhh 5, 7 <}>Hrypbi 2, 3) co cpeaHen uiHpHHofl 1-10% ee bhhtobofo uiara. TaKoe 
ceneHHe Hyacaaercfl b MeHbineft tohhocth MexaHoo6pa6oTKH npH pa3MemeHHH b 
15 KaHaBKe roTOBoro onranecKoro Ka6ejin h MeHbine KOHueHTpHpyeT HanpaaceHHfl Tpy6bi, 
to ecTb Jiynuie, HanpHMep, TpeyronbHOH reoMeTpnnecKOH (fcopMbi ceneHHH. LLlar T1CC 
npHMeHneTCH, KaK npaBHJio, nocToaHHbin. Tjiy6HHy (BbicoTy) KaHaBKH ycTaHaBJiHBaiOT 
H3 HecKOJibKHx coo6pa>KeHHH: TO^my ctchkh npH H3roTOBJieHHH Tpy6 Bbi6HpaK)T no 

yCJlOBHHM npOHHOCTH H H2We>KHOCTH, TO eCTb HT06bI pe3b6a H KaHaBKH He yMeHbiiiajiH 

20 ceneHHa, Bbmep>KHBaiomero pacneTHbie msneHHsi; BOJ1C He BbixoAHjia Hapyacy 3a 
cTeHKy Tpy6bi ana HCKJuoneHHa noBpeacaeHHH npH cTpoHTejibCTBe Tpy6onpoBoaa h 
TpaHcnopTHpOBKe Tpy6. MoHOBOJiOKHy HyacHa Her\ny6oKaa KaHaBKa, HanpHMep, 0,3-0,7 
mm. Tpy6w MoryT HMeTb 3aBOACKyio (cTpoHTcribHyio) h30ji5iuhio. PacTHHceH He crajib- 
Horo Tpy6onpoBoaa h ITCC TexHOJiornnecKH «yBH3biBaK>T», to ecTb Hanajiy h/hjih 

25 pa3BHTHK) nJiaCTHHeCKHX Ae(|)OpMaUHH CTaJlH AOJDKHO COOTBeTCTBOBaTb MexaHHMecKoe 
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pajpyiueHHe creicna (cm. (Jmrypy 5). Taicon o6*beKT HaaeaceH b iiimpokom AHana30He 
TeMnepaTyp b CHjiy npHMepHoro paBeHCTBa TeMnepaTypHbix K03(i>(|)HUHeHT0B JiHHefl- 
Horo pacuiHpeHHH o6ohx kohctpykuhohh wx MaTepnanoB. PacTflaceHHJi comacoBbiBa- 

5 k>t, HanpHMep, pa3MemeHHeM BOJTC Ha npeAsapHTejibHO HarpyaceHHon BHyrpeHHHM 
^aBJieHHeM Tpy6e c KaHaBKOH. YpoBeHb aaBJieHHH y cTaH aBJi h BaiOT, b nacTHocTH, npH 
OTpa6oTKe npoH3BOflCTBa Tpy6 no BejiHHHHaM njiomamai TeKynecTH Tpy6HOH crann 
(no3HUMfl 1 1 4>nrypbi 5) h ,ae(f>opMauHH BOJiOKHa (2-5%) b momcht ero pa3pyiueHH5i. 
OnepauHa npoBOflHTbca, HanpHMep, nocjie Kan H6po bkh (sKcnaHjanpoBaHHa) 

10 TOHKOCTCHHbix Tpy6 no AHaMeTpy. B npouecce HaMOTKH crreKJiOBOJioKHa b KaHaBKy 
npHMeHHioT He6ojibuioe MexaHHnecKoe HaTH^ceHHe. Cjioh H3 flByx nCC (Ha Tpy6e ohh 
pa^OM, no3HUHfl 10 (|)Hrypbi 4) c pa3HbiMH yanHHeHH^MH npn pa3pbiBe (ae<J)opMaTHB- 
hocthmh) ^onojiHHTejibHO onpe^ejiHioT cKopocTb pa3BHTHH ,ne4>eKTa, t.k. cTaHOB5rrca 
h3Bccthw ixsa OTCHeTa BpeMCHH (ti, 12) b momcht pa3pyiueHHH CJIOeB. FlepBblM pBeTCH 

15 CJiott c MeHbiuefi ,zje4)OpMaTHBHOCTbK) (8i), btopoh - c 6ojibiueH (82). HanpHMep, ecjiH 
Tpy6onpOBOA TenjioTpaccw BbinojmeH H3 cTajiH c ae<j)opMaTHBHOCTbK) 53, co6jiK>AaFOT 
ycJioBHe 81 < 82 < 53. IloJiaraeTCJi, hto o6i>eKT pa6oTaeT b crauHOHapHOM peacHMe. 
IlporH03 BpeMeHH OTKa3a Tpy6onpoBOfla, una KOTOporo flHCTaHunn jio ae^eKTa no 
H3MepeHHHM c HcnoJib30BaHHeM 2-x cjioeB coBnanH, BbinojiHfleTCH pacneTOM. 

20 HanpHMep, /uih mo^jih njioma^KH TeKynecTH (4>nrypa 5) Tpy6H0ii CTajiH, 

(t3- t2)= (t2- tl)x(63- 52)/(52- 5l). ECJIH npHHflTb, HTO (t2- tl)=10 flHefi, (62- 5l)=5%, 

(83- 62)= 10%, to pacHeraoe BpeM* (t3- 12)= 20 wen. Ro HCTeneHHH 3Toro cpoKa c 
MOMeHTa BpeMeHH t2, b nacTHOCTH, c 2-3-x AHeBHbiM 3anacoM, BbinojiHHiOT Meponpna- 
THfl no HeaonymeHHK) aBapHH. Mto BaacHO juia onacHbix o6-beKTOB b nepTe ropoaa, npn 
25 nepeceneHHH c >Kene3HOH aoporoii h TaK aanee. K o6ojiOHKaM c FICC b onpe^ejieHHOfl 
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Mepe noflxoflHT TeopHfl xpynKHX TeH30HyBCTBHTejibHbix noKpbiTHH. JIaKOBoe noKpw- 
THe iiaeT npn TapHpoBKe 10-20% TOHHOCTb BbiHBjieHHH HanpjDKeHHO-aecfcopMHpyeMoro 

COCTOHHHfl MeXaHHMeCKHX H3^eJIHH. fljM OflHOCJIOHHOH BOJIC He Tpe6yeTCH HfleHTHH- 

5 HOCTb npoHHOCTH ynacncoB (napTHH) onTOBOJiOKHa. BaacHo, HTo6bi 3Ta <J)H3HHecKafl 
BeJiHHHHa HaxoflHJiacb b 30He njiacTH necKHX Ae^opMauHH cTajibHOfi Tpy6bi 0,5-27% 
Hana^bHoro ee AHaMeTpa c yneTOM copTa CTajiH h HajiHHHH-oTcyrcTBHH onepauHH 
KajiH6pOBKM), t.k. hmchho «njiacTHKa» HBJIHCTCH HeOTbeMJieMblM aTpH6yTOM HCKOMblX 
Ae^eicTOB. B 3aBHCHMOCTH ot MeToaa pa3MemeHHH cjioh HyacHO Taxace, HTo6bi BOJiOKHa 

10 c aare3HOHHbiM 3ano/iHHTejieM b KaHaBKe (iio3huhh 8, 9 4>Hryp 2, 3, 4) xopouio 
pa6oTaJiH Ha cncaxHe, hto co6jno,aaeTCH pjiaom KOHCTpyxuHOHHbix MaTepHajiOB, 
BKJnonaa CTeioio h anoKCHiiHyK) MaTpHuy. 

B pe3yjibTaTe BbitueonHcaHHbix onepauHH nojiynaioT o6pa3eu-cB*meTejib 
(KOHTpojibHbitt o6pa3eu) cocTOHHHH noBpoKfleHHOCTH o6i>eKTa. MeTpojioraa npeA- 

15 jio^ceHHoro noaxoaa 6a3Hpyercfl Ha MeTpHHecKHX CBOHCTBax BHHTOBbix noBepx- 
HOCTeH, TCopHH xpynKHX noKpbiTHH, 3aKOHOMepHOCTHX MexaHHKH pa3pynieHH^ ajia 
HarpyxceHHOH BHyrpeHHHM aaBJieHHeM ajihhhoh uhjihh^phhcckoh oSojiohkh c ae4>eic- 
tom h bo3mo>khocth Ha6jTiOAeHHfl (o6cjieflOBaHHH) coctohhhh o6pa3ua-CBH,aeTeji5i B 
npocTpaHCTBe H BpeMCHH. 

20 06cjieAyK)T 3tot o6pa3eu oothhcckhmh KOJie6aHHHMH, b 4&cthocth, npo- 

nycicaa nepe3 Hero oriTHHecKHe HMnyjibCbi c H3BecTHbiMH napaMeTpaMH. fljia Ka- 
necTBeHHoro Tpy6onpoBOjia 3JieKTpoMarHHTHaa BOJiHa pacnpocrpaHHeTCH b nCC 
c HeKOTopbiM nocTOHHHbiM noroHHbiM 3aTyxaHHeM, He BCTpenaa Ha cboSm nyTH 
omyrHMbix npenaTCTBHH (HanpHMep, ajia BOJIC jmaMeTpoM 125 mkm H3BecTeH 

25 K03<t>4MUHeHT 3axyxaHwa 0,2 aB/km npH flJiHHe bojihw okojto 1,6 mkm). B KOHue 
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Tpy6onpoBOAa BOJiHa OTpaacaercfl Ha rpaHHue noBepxHocTH h 6eacHT Ha3aa (06- 
paTHo). FlepHOAHHecKHH npouecc co bpcmchcm ocjia6jiHeTca h npeKpamaeTca. 
PerHCTpHpyfOT np«Myio hjim o6paTHyK> BOJmy b TOHKax no koh uaM o6T>eicra. ^jih 

5 npoT«>KeHHbix ynacTKOB o6cjieaoBaHHe no npaMoft BOJiHe 6ojiee 3(})(])eKTHBHO, 
TaK kbk OHa MeHbiue 3aTyxaeT no cpaBHeHHio c OTpaxceH hom . npaMaa BOjma 
perwcTpMpyeTca b tohkc Ha npoTHBonojio>KHOM KOHue Tpy6onpoBoaa (ynacTKa) otho- 
CHTejibHO tomkh BBOjia HMnyjibca. OrpaaceHHaa BOJiHa HenocpeacTBeHHO b TOHice 
BBO^a. Pa3iiejieHHe bojih BeaeTCfl, b HacraocTH, no BpCMCHHOMy npH3HaKy. HanpHMep, 

10 w* 1000 MeTpoBoro ynacTKa AHaMeTpoM 350 mm, iuaroM bmhtobom noBepxHOc™ 20 

MM H M3BCCTHOM CKOpOCTM paCnpOCTpaHCHHH 3JieKTpOMafHHTHOM BOJIHbl, 3ana3AWBa- 
HHe OTpaHCeHHOH BOJIHbl OTHOCHTCTIbHO npHMOH COCTaBHT ~ 0,25 MC. BO3M0HCHM 

apyrne mcto/im pa3flejieHH* hjim npHMCHCHHe HecKOJibKHx mctoaob pa3aejieHHH. 
noBpoK^eHHbiH cjiom, HanpHMep, b c/iynae bo3hhkhobchh^ b Tpy6e npn 

15 3KcnjiyaTauHH fle^eicra, oTpaacaeT nacTb bojihm b to nice HapymeHHH cnjiouiHocra 
MaTepHajia, nacTb nponycKaeT xtajibuie. CooTHomeHHe nacTefl 3aBHCHT ot xapaKTepa 
noBpe^eHHfl, T.e. ot napaMeTpoB ae(|)eKTa. IlpH KOHTpojie mcto^om npaMOH bojihw ee 
aMnjiHTyjaa b tohkc cbeMa cootbctctbch ho yMeHbuiaeTca. Ho 3to yMeHbuieHHe MoaceT 
6biTb pe3yjibTaTOM h HecKOJibKHx HapyuieHHw FICC, HanpHMep, uenomcoH 

20 pa3po3HeHHbix ,ae(J)eKTOB. Tjiy6HHa Ae4>eicra He perHCTpHpyeTca, to ecTb 3Ty BejiHMHHy 
cjieayeT cHHTaTb 6ojibuiefi anaMeTpa HcnoJib3yeMoro onTOBOJioKHa (hjim rjiy6HHbi 
KaHaBKH, B KOTOpyK) oho yjio>KeHo). 

JJjin TOMHoro Ha6jnoiieHHfl 3a <f>aKTHHecKHM coctohhh€m Tpy6onpoBoaa, 
HaaejieHHoro cbohctbom npoMbiuuieHHOH KOHTpojienpHro/mocTH, BejiHMHHy 

25 pacneTHOro uiara ycTaHaBJiHBaiOT ...0,2h, 0,3h, ...0,7h... Kh, to ecTb KOHTpo/mpyiOT 
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pa3Mep He onacHoro Ae^eicra h nporH03HpyioT o ctsto hh bi h pecypc o6"beicTa. 
Ko3({)4)HUHeHT k<1 momcct 6biTb yB*3aH c OTpacjieBbiM K03^4>HUHeHTOM 3anaca 
npoHHOCTH o6ojiohkoboh KOHCTpyKUHH. Be3aBapHHHOCTb o6i>eKTa o6ecneMMBaK>T, 

5 HanpHMep, chhhcchhcm b h£m aaBJieHHH b 1 ,5-2 pa3a aBTOMaTHnecKHMH ^chctbhjimh 
cHCTeMbi ynpaBJieHH* TpaHcnopTOM ra3a no npH3HaKy OTcyrcTB h ji (to ecTb H3MeHeHH«) 
o6cjie^yK>mefi bojihw (npHMOH, oTpaaceHHoft) b cooTBeTCTByiomnx TOHKax Tpy6o- 
npoBoaa hjih no KOMaHne onepaTopa chctcm bi (He noKa3aHo). 

PaccTOHHHe no ae^eirra HaxoAHT no npoH3BeaeHHK) jumhu o6ojiohkh Ha 

10 oTHOiueHHe BpeMeH npo6era onTHHecKHx HMnyjibcoB b 11CC nocjie h ro noaBJieHHH 
^e^eicra. HanpHMep, 3TO paccTOflHne w* Tpy6onpoBoaa ajihhoh L=10 km h BpeMe- 
h3mh npo6era HMnyjibcoB nocjie h jxo cooTBeTCTBeH ho t=25 mkc, T=1000 mkc cocTa- 
bht, KaK 3to cneayeT M3 MaTeMaraHecKOH 4>opMyjibi X=Lt/T, OT o/iHoro H3 KOHUOB 
Tpy6onpoBoaa, 0,25 km. PaccT05iHHe npn HenpepbiBHbix onTHHecKHx KOJie6aHHax 

15 HaXOflflT (yTOHHAIOT) (J)a30BblM MeTOAOM. - 

rioBTopeHne HMnyjibca orpaH h m h BaiOT bcjihhhhoh, nojiyneHHOH ot aejieHHfl abohhoh 

AJlHHbl BHHTOBOH nOBepXHOCTH Ha CKOpOCTb pacnpOCTpaHeHHS 3JieKTpOMarHHTHOH 

BOJiHbi b nCC. B nacTHOCTH, Bbi6HpaioT H3 Heo6xoflHMoro BpeMeH h TpeBorn: pa3 b 
ceKyH^y, MHHyTy h TOMy noaoSHoe, hto no3BOJiaeT onpeneJiHTb MOMeHTbi 

20 B03HHKHOBeHHH h jiocTHHceHHfl Ae<J)eKTOM ycTaHOBJieHHoro pa3Mepa. 

rioc/ie perHCTpauHH napaMeTpoB KOJie6aHHH b 3aBHCHMOCTH ot cHTyauHH 
«ecTb hjih HeT H3MeHeHHfl napaMeTpa», ycTaHaBJi h BaiOT HaJiHHHe hjih oTcyTCTBHe 
Ae^eicra ctchkh. TeoMeTpHHecKMH pa3Mep BbiaBJiaeMoro Ae<j)eKTa npn oroBopeHHbix 
no TeKCTy onncaHH* ycjiOBHax - h. B oxaejibHbix cnynaax, b 3aBMCHMOCTH ot 4>opMbi h 

25 pacnojioMceHHH ae^eKTa oTHOCHTejibHO bhtkob cnHpajw, «xpynKOCTH» ee MaTepnajia, 
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pa3Mep 6yaeT MeHbiue, HanpHMep, an* chmmctphhhoh BHTKy noBepxHOCTHoft 
TpemHHw. 

IlpeHMymecTBO OTyxToneHHoro BBcxaa (tohkh no KpaaM Tpy6onpoBOZia), 
5 He3aBHCHMO yMMTbiBaiomero pa3fleJieHHe I1CC Ha nacTH — oTcyTCTBne Heo6xo- 
zihmocth HeoTjioHCHoro peMOHTa cjioh. Mto Baamo c tohkh 3peHH« yao6cTBa H 
3(J>4)eKTHBHOCTH 3KcrmyaTauHH npocTpaHCTBeHHO pacnpeAeJieHHoii cncreMbi 
Tpy6onpoBOiia 1 . Bo3mohcho paBeacTBO HHC/ia ToneK BBoaa HHCJiy KpaHOBbix 
ruiouuaaoic (KOMnpeccopHbix hjih HacocHbix cTamiHH) o6beicra kohtpojih. FIpH 3tom 
10 peuieHHe, BepoaTHO, 6yaeT onTHisiajibHbiM. HaaeacHOCTb ero Bbime 3a ch£t ,oy6jiH- 
poBaHHH (pe3epBHpoBaHH«) tohck BBoaa, ho peMOHT ynacTKa cpa3y nocjie yKa3aHH» 
^e4>eKTa rapaHTHpyeT KOHTpojib c oahoh tohkh. 

nCC He nyBCTByeT HanaJibiibie Mano3HanHTejibHbie ae^eKTbi, HanpHMep, 
KOppo3HK), MorymyK) 3aHHMaTb 6oJibuiyio noBepxHOCTb o6i>eKTa. PearnpyeT TOJibKo Ha 
1 5 ae<})eKTbi 5 Bbi3BaBiiiHe jioKajibHoe H3MeHeHHe Hanp*>KeHHO-fle4)opMHpyeMoro cocto*- 
hma KOM6HHHpoBaHHOH KOHCTpyKUHH, paBHoe hjih 6ojibmee yflJiHHeHHa cjioh npn 
pa3pbiBe, hto b aaHHbix ycjiOBHax aaeKBaTHbiH npH3HaK ee HeaonycTHMoro noBpeacae- 
hhh. fle^eKTbi He onacHbie b momcht o6cjie,aoBaHHH 3Kcn;iyaTauHH Tpy6onpoBO,aa He 
j^aiOT jiohchwx cpa6aTbieaHHH, yManaiomnx KOHTpojib KaK TexHOJiornnecKyio onepa- 

20 UHK>. 

YcTpoficTBO kohtpojih Tpy6onpoBoaoB HT.n. o6i>eKTOB pa6oTaeT TaK (CMOTpM 
(Jwrypy 6). Ejiok 6ecnepe6ofiHoro nHTaHH* 12 (aKKyMyjiHTopbi b KOMnjieKce c JiHHnen 
3jieKTponepe^anH, 6eH303JieKTpocTaHUHeR h BbinpHMHTeneM) CHa6acaeT 3JieMeHTbi 
ycTpoHCTBa 3HeprneH He3aBMCHMO ot nepepbiBOB 3HeprocHa6>KeHHH. llpeo6pa30BaTejib 
25 1 3 BbmaeT 3aaaHHbie KOJie6aHHH (HMnyjibcw) c noMoiubio oirro3JieKTpoHHOH napbi 14 
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(BbinoJiHeHa, HanpHMep, c na3epHbiM H3JiyMaTejreM, 4>oTonpneMHHKOM h npH3MOfi), b 
BOJ1C 4 (flaTHHK) Tpy6onpoBoaa 1 , a c jihhhh - b mohhtop 15. FlapaMeTpbi on-ranec- 
khx HMnyjibcoB He MeHHiOTCH noKa noflpacTaiomHe 3a BpeMH 3iccnjiyaTauHH o6beKTa 
5 noBpeacfleHHfl MeHbine h. Koraa pa3Mep jiK)6oro H3 hmx AOCTHrHeT h, nCC pBeTCH b 
TOMKe ne<j)eKTa h BpeMH npo6era onTHnecKHX HMnyjibcoB yMeHbinaeTca. TlponopuHo- 
HajibHO noJio^ceHHK) Ae<t)eKTa BAOJib Tpy6onpoBOAa. 3to (JwiccHpyeTCfl m nepecHHTbi- 
BaeTCH cpe^CTBaMM MOHHTopa 15 (ycTpoKcTBO Bbi6opKH-xpaHeHH«, aHajioro-UH<J>poBOii 
npeo6pa30BaTejib, KOMnbioTep, chctcmhoc h npeAMe-raoe nporpaMMHoe o6ecneneHHe, 
10 jipaHBepbi) b AHCTaHUHio ao Ae<i>eKTa no MaTeMaTHHecKoH <|>opMyjie ormcaHHH. Ha 
ycTpoficTBO He bjihhiot 3JieKTpoMarHHTHbie noMexH - cHJibHO pa3HeceHbi cneicrpbi 
none3Hbix h napa3HTHbix KOJie6aHHH. Jla3ep nojiynpoBo^HHKOBOH napbi 14 (H3JiynaeT b 
AHana30He ajihh bojih 0,3-30 mkm HMnyjibCbi AJiHTeJibHOCTbio ao 10" 9 c, MomHOCTbio 
AO 10 5 Bt, Knfl 40-60%) AejiaeT ycTpoficTBO HaAeHCHefi h AOJirOBenHefi, nero He 
15 o6ecneHHBaeT npn HenpepbiBHbix KOJie6aHHHx H3-3a TenjioBoro neperpeBa. OuiH6Ka 
HaxowieHHH paccTOHHHH ao ae<i>eKTa (npOAOJibHOH KoopAHHaTbi) 3aAaHa TOJibKO 
uiaroM cjiok, t.k. oth ocHTe ji b h a# norpeuiHOCTb jia3epHbix H3MepeHHH (3TajiOHOB 
ceKyH^bi ~ 10~ 12 , MeTpa - 10" 10 ) BecbMa Majia. OuiH6Ka yrjiOBOH KoopAHHaTbi MoaceT 
cocTaBHTb MeHee 1 -3°. 
20 H3 npe^bwymnx onepauHfi h peKOMeHAauHH cneAyeT, hto K03<J)(|)HUHeHT 

BbWB/iaeMOCTH jie^eKTOB 3aBHCHT ot cooTHomeHHJi AHHHbi Tpy6bi c IlCC k nojiHOft ee 
AJihhc HanpHMep, (cm. cxeMy h no3. 16 Ha cjwrype 6) nacTb uhjimhaphhcckoh noBepx- 
hocth noa KpOMKH CTbiKOBoro cBapHoro ujBa 6e3 cnnpajiH AaeT jxna 12 MeTpoBOH ceK- 
uhh c KpOMKaMH 2 cm pacHCTHbiH K Bil =0,996(6), c KpoMKaMH 1 cm - 0,998(3). B cjiynae 
25 nojiHOH cnHpajiH K aa =l . Tlpn MOHTa>Ke Tpy6onpoBOflOB h 3 bccth mm h mctoa&mh nCC 
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cpamHBaiOT cBapKofi, cKJiefiKOH. TaK peuiaeTCH no/pa^ana KOHTpojm, h OTKa3 

KOHCTpyKUHH BCJ16HCTBH6 3KCnJiyaTaUHOHHOrO iie^eKTa npaKTHHeCKH HCKJIIOHaeTCfl, 

pecypc o6*beKTOB yBejiHHHBaeTca. 

5 Jinn 3ajieHHBaHH« h paHHero pCMOHTa TpemHHOBHOTbix aHOMajiHH MaTepnana 

CTeHKH b H3BCCTHOM cnoco6e peMOHTa Tpy6onpoBOZiOB [5], aHajiorHHHO tojibko hto 
H3JiomeHHOMy cnoco6y kohtpojih <J)opMHpyiOT yica3aHHbiH cjioh, o6cJienyK)T ero 
onTHMecKMMM KOJie6aHHHMH h onpeaejiaiOT H3MeHeHH*i hx napaMeTpa. no 3thm 
H3MeHeHMJiM noHH>KaioT aaBJieHHe b nojioc™ (cm. a63au no CHCTeMe ynpaBJieHH* h 

10 onepa-ropy), HanpHMep, KJianaHOM hjih bchthjicm, a BOCCTaHaBJiHBaioT zie^eicTHyio 
CTeHKy Tpy6onpoBOAa 1 TenjiOM onTHMecKHX KOJie6aHHH, nponycKaeMbix cjioeM b 
pacKpwTHe TpemHHbi. 

Tax KaK IlCC, hto cjieayeT H3 BbiiueH3Jio>KeHHbix ocHOBaHHH, y>Ke pa3pyuieH 
TpemHHOH, a 3aTyxaHHe onranecKHX KOJie6aHHH b cjioe, Kax OTMeHajiocb npH onnca- 

15 HUH 06CJieZl0BaHHH Tpy6onpOBO>0ta 3/ieKTpOMarHHTHbIMH BOJIHaMH, Majio, - HaCTb 

3HeprHH c(J)OKycHpoBaHHoro jia3epHoro H3JiyHeHH«, pacnpocTpaHjuomaacH b TaKOM 
BOJiHOBOAe, aBTOMaTHnecKH KOHueHTpMpyeTCJi mm 6jiaroaapa KaHaBKe tohho b 
pacKpbiTHe TpemHHbi h TaM pe/iaKcnpyeT 3a cneT MHoroKpaTHbix oTpa^ceHHH h 
conyTCTByiomHX noTepb. 

20 3to Bbi3biBaeT 3<t><})eKTHBHbift HarpeB SeperoB TpemHHbi h npnjieraiomHx k 

hhm pafioHOB CTeHKH 2 6e3 HcnapeHHa MeTajuia. npn 3tom TpemHHa He pa3BHBaeTca, 
t.k. npHKpbiTa neficTBHeM ynpyrnx aecjiopMauHH b CTeHKe ot BbinanHeHHoro paHee 
CHHM<eHH» pa6onero aaBJieHHH b o6i>eKTe 1. IIotok Teruia b pacKpbiTHe peryjinpyioT 
MOiUHOCTbio nponycKaeMbix c/ioeM onranecKHX KOJie6aHHH. HanpHMep, Hcno;ib30Ba- 

25 HHeM KOJie6aHHH c AByx tohck BBoaa, hto BnojiHe jaonycKaeT npe,zuio>KeHHbiH cnoco6 
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KOHTpojia, noflKJiiOHeHHeM HenpepbiBHbix na3epoB 6oJibuieH 3HepreTHHecKofi mouu- 
hocth h TaK aanee. 

TeMnepaTypa, CKopocrb hjih BpeMH HarpeBa onpeaejiaioTCfl MaTepH&naMH 
5 cTeHKH m no,n6HpaiOTCH 3KcnepHMeHTaribHO. Run yMeHbiiieHHH MexaHHnecKHx 
HanpaviceHHh b pafioHe ^e^eicra (paHHHH peMOHT) BpeMH HarpeBa (ocTbiBaHMa) 
Bbi6HpaioT, HanpHMep AJiHTejibHOCTbio h hhcjiom jia3epHbix HMnyjibcoB, nponyc- 
KaeMbix b cnoe b ceKyHay. Rn* uejiocTHOCTH rpeiomeroca b6jih3h jxefyeKia onTO- 

BOJlOKHa (HT06bI He SbUlO erO HOBblX pa3pbIBOB H COOTBeTCTBeHHO AOnOJlHHTeJlbHblX 

10 noTepb aHeprHH bojih Ha oTpaaceHHe o6paTHo b cjioh) MomHOCTb nponycKaeMbix 

onTHHecKHx KOJie6aHHH yBejiHHHBaioT He6ojibUiHMH CTyneHHMH, M3MeHHH aMruiHTyay 

HJIH BpeMH KOJieGaHHH. 

Bepera TpemHHbi TenjiOBbiM pacinnpeHHeM MeTanjia c6jiHHcaiOTCJi h ocymecT- 
bjihiot KOHTaKTHoe B3aHMO^eiiCTBHe, to ecTb cBapny. TpaHHua TpemHHbi onjiaBjiaeTca 
15 h crjia^KHBaeTca, hto nocjie ocTbiBaHHa yMeHbiuaeT HecnnouiHocTb MaTepnana ctchkh 

B TOHKC BOCCTaHOBJieHHH. 3aJieHHBaHHe B03MOHCHO B KOHCTpyKUHMX H3 aJIIOMHHHfl H 

ero npoMbiuiJieHHbix cnnaBOB, uejxn h HeKOTopbix ee cnjiaBOB rana 6poH3, jiaTyHH, 
Apyrax MeTajuioB h TepMonjiacTOB. 

JJjih CTajiefi h MaTepHajioB c TeMnepaTypofi ruiaBJieHHH Bbime TeMnepaTypbi 

20 pa3M5irHeHHH cTeKJia peMOHT ctchkh BbinoJiHfleTCfl 3anojiHeHHeM KaHaBKH (HaxancH) 
CTeKJiOM, to ecTb HMeeT MecTO ojxna H3 onepaunn cBapKH - nafiKa. npnneM, bjihhct 
3anac (ceneHHe) CTeKJia riCC. Pojib KaHaBKH HrpaeT caMa Tpeuuma. TaKoe BoccTaHOB- 
jieHHe CTeHKH no3BOJiaeT o6oHTHCb 6e3 aaapHMHOH ocTaHOBKH Tpy6onpoBOAOB h TOMy 
nozio6Hbix o6i>eicTOB, conyrcTByioiUHx ocTaHOBKe 3aTpaT h o6ecneHHBaeTca npeacTaB- 

25 jieHHbiMH Ha 4>Hrype 3 cxeMofi h y ctpohctbom . 



3AMEHflK)miffl JIHCT (HPABHJIO 26) 



WO 2004/018929 




PCT/RU2003/000375 



18 



J\sin 6jiHHcaHiiiHx aHanoroB h npoTOTMna 3to 03HanaeT ycKopeHHe peMOHTa 
h coKpameHHe ero noaroTOBHTejibHoro h TexHOJiorHnecKoro BpeMCHH. 

3<t>(j)eKT npeAno»eHHfi MaKCHMajieH Ha npoMbiimieHHbix, TpaHcnopTHBix h 
5 j\p. o6i>eKTax, paSoTaiomHx b yarioBHHx AaBJieHHH onacHbix cpea, HanpHMep, Ha 
MarHCTpaJibHbix ra30- , HecJvrenpoBOAax. MeHbiue Ha TenjiOTpaccax h apyrnx 
KOHCTpyKUHHx, nae 3th (Jmicropbi cjia6ee, pa3pyuieHHe TpeuuiHOH He npeBajiMpyer, h 
uiar FICC mohcho onpeaejiHTb, npHHHMaa bo BHHMaHHe cpeAHHH pa3Mep (flHaMeTp) 

KOpp03HOHHbIX CBHUICH H3 pe3yjlbTaTOB HCCJieAOBaHHH. MOHTaHCHbie ^e^eKTbl CBapKH 

10 MoryT yMHTbmaTbCH yMeHbiueHHeM h b paftoHe CTbiKa 16. 3aTpaTbi Ha skohomhhcckhh 
34>4>eKT c yneTOM noiiHOTbi h BapnaHTOB peajiH3auHH OHCH^aiOTCH Ha ypoBHe ao 10% 
ctohmocth Tpy6 aHanorHHHoro Tpy6onpOBO,aa 6e3 npeflJio>KeHHbix <J>yHKUHH. 
npHMepHO TOHce win H3flejiHH no,ao6Horo rana: 6ajuiOHOB aaBJieHHH, ra3rojibflepoB, 
pe3epByapOB He4)TexHMHHecKHx npoayicTOB, KopnycoB pa3JiHHHoro Ha3HaHCHH», 

15 cocyaoB, 6aKOB h TaK flanee. 

TaKHM o6pa30M, H3o6peTeHHe cymecTBeHHO ycoBepuieHCTByeT Ha3BaHHbie 
o6i>eKTbi, noBbiuiaeT hx HaaeHCHOCTb h 6e3onacHOCTb, 3<i)<|>eKTHBH0CTb npoH3BOflCTB, 
yjiynuiaei 3KOJiorHK> h coxpaHHOCTb cpeaw o6HTaH wh nejiOBeKa. 

20 Hctohhhkh HH^opMauHH, npHHHTbie bo BHHMaHHe npn 3KcnepTH3e: 

1. NATIONAL STAND ART OF CANADA. CAN3-Z163-M86. OIL PIPELINE 
SYSTEMS. / KAHAflCKHH HAUHOHAJlbHblH CTAHflAPT. 
CAN3-Z183-M86. CHCTEMbI HEOTEFlPOBOflOB. (IIEPEBOfl). (FlepeBoa 
BbinojiHeH HayMHO-TexHHnecKHM ueHTpoM "He^TenpoMAHarHocTHKa") r. CA- 

25 MAPA. H3A-BO "CaMapcKHH aom" 1994, 196 c. 
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2, 3. KojuiaKOT P. ^HarHOCTHKa noBpeacaeHHii. FlepeBOA c aHrjiHHCKoro, M.: Mnp, 
1989, c. 220-222, 440-443 ( n pototh n) . 

4. TexHMHecKHe cpeacTBa AHarHOCTHpoBaHHH. CnpaBOHHHK/ITxxa o6m. pea. 
5 B.B. KjiioeBa.-M.: MauiHHOCTpoeHHe, 1989, c. 601-612. 

5. JlaTeHT P<D N° 21 18738 Ha H3o6peTeHHe «Cnoco6 h ycTpoflcTBO zuia peMOtrra 
Tpy6onpoBoziOB». Ony6nHKOBaHO 10.09.98, Bioji. 25. 

6. CHHKJiep JIh. BBeaeHHe b uH^poByio 3ByKOTexHHKy: riepeBoa c aHrjiwficKoro, M., 
3HeproaTOMH3AaT, 1990, 80 c. 
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OOPMYJ1A 



1 . Tpy6a, HMeiomaa cnnpanb, npeziHa3HaHeHHyK> ana kohtpojia m/hjim peMOHTa 

CTeHKH, OTJlHHaHDlUaHCH TeM, HTO BHHTOBOH Uiar CHHpaJlH Bbl6paH He 6ojibuie 
5 /UlHHbl KpHTHHCCKOH TpeiUHHbl Tpy6bl. 

2. Tpy6a, no n.l, otjih naio manca TeM, hto CHa6aceHa no KpaHHeft Mepe oahoh 
AonoJiHHTeJibHOM crtHpanbio o^HHaKOBoro HanpaBJieHH* c nepBOH crmpanbio. 

3. Tpy6a no n.l hjih n.2, oTJiHHaiomaHCfl TeM, hto cnnpanb BbinonHeHa b CTeHKe b 
BHiie KaHaBKH, 3anojiHeHHOft ctckjiobhahoh Maccon. 

10 4. Tpy6a no n.l hjih n.2, OTJinnaiomaflCfl TeM, hto ynoMHHyTaa cnnpanb BbinojiHeHa 
Ha CTeHKe b Bnue BbinyKJioro cjioa h3 ctckjiobhahoh Maccbi. 

5. Cnoco6 kohtpojim Tpy6onpoBOfla, 3aKJHOHaiomHHCH b tom, hto Tpy6onpoBOfl co 
cnHpanbK) o6cne^yiOT, perncTpnpyiOT xapaKTepHCTHKH ctchkh h onpefleji«K>T ee 
ae^eKTbi c noMombio BbinojiHeHHofi Ha CTeHKe Tpy6onpoBOjoia npoBozwiuen cnnpajw, 

15 OTJiHHaioiuHHCfl TeM, hto bhhtoboh uiar npoBoafliueii cnnpajiH Bbi6npaK)T He 6o;ibuie 

flJIHHbl KpHTHHeCKOH TpeiUHHbl. 

6. Cnoco6 no n.5, OTJiHHaiomHHCfl TeM, hto Ha CTeHKe Tpy6onpoBoaa BbinojmiiioT no 
KpaHHew Mepe ojxny jiononHHTejibHyio npoBOflamyio cnnpajib ojuiHaKOBoro 
HanpaBJieHHH c ynoMflHyTofi nepBOH cnnpajibK). 

20 7. Cnoco6 no n.5 hjih n.6, OTJinnaioiuHHCfl TeM, hto npoBoaamyio cnnpajib o6pa3yK>T 

HaKaTKOH. B BHiie KaHaBKH, H 3anOJIHflK)T CTeKJIOBHAHOH Maccoft. 

8. Cnoco6 no n.5 hjih n.6, OTJiHHaiomHHCfl TeM, hto npoBOAHiuaa cnnpajib 
BbinojiHeH^eTCH Ha CTeHKe b BHjxe BbinyKjioro cjioh m3 ctckjiobhahoh Maccw. 

25 
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9. Cnoco6 no n.5, hjih n.6, hjih n.7, hjih n.8, oTJinnaiomHticj! TeM, hto paccToaHHe no 
jxefyeKia HaxoAflT no npoH3BeneHHio /uihhm Tpy6onpoBO,aa Ha otholuchhc BpeMeH 
npo6era H3MepMTejibHbix HMnyjibcOB nocne h no noHBJieHHH aecfreKTa. 
5 10. Cnoco6 no n5, hjih n.6, hjih n.7, hjih n.8, oTJiHnaiomHHCfl TeM, hto 4>opMHpyiOT cjioh 
pa3H0M Ae^opMaTHBHOCTH, a cpoK OTKa3a Tpy6onpoBozia onpeaejiaiOT pacneTHbiM 
nyrcM no 3HaneHH5iM ae(|)opMaTHBHOCTH anoeB h ctchkh h bpcmghh pa3pyuieHHfl 
cJioeB. 

1 1 . Cnoco6 peMOHTa Tpy6onpoBOfla, 3aKJiK)HaiomHHCfl b tom, hto b noJiocTH Tpy6onpoBoaa 
10 noHH>KaioT jaaBJieHHe h BOCCTaHaBJiHBaioT Ae(J)eKTHyK) creHKy Tpy6onpoBoaa, 

oTJiHHaiouiHHCH TeM, hto b Tpy6onpoBozie o6pa3yioT no KpaftHen Mepe ojmy cnnpanb, 

BHHTOBOH Uiar KOTOpOH Bbl6HpaK)T He 60JlbUie flJIHHbl KpHTHHeCKOH TpeiUHHbl 

Tpy6onpoBOAa, o6cjiejiyK>T 3Ty cnnpajib j\n* onpeaejieHHfl j^e^eKTa b creHKe 
Tpy6onpOBOAa, h no h3mchchh5im KOJie6aHHH H3MepHTejibHoro HMnyjibca noHH>KaiOT 
1 5 aaBJieHHe b nojiocTH Tpy6onpoBO,aa, h BoccTaH aB ji h BaiOT ae^eKTHyio cTeHKy TenjioM 

KOJie6aHHH, nponycKaeMbix npOBOflameft cnnpajibio b pacKpbiTHe TpemHHbi. 

1 2. Cnoco6 no n. 1 1 , oTJinnaioiuHHCH TeM, hto Ha CTeHKe Tpy6onpoBoaa BbinojiH5iK)T no 
KpaflHefi Mepe ojxwy aonojiHHTejibHyio npoBOflamyio cnnpajib oflHHaKOBoro 
HanpaBjieHHH c ynoMHHyTofi nepBOH cnnpanbK). 

20 13. Cnoco6 no n.l 1 hjih n.12, OTJiHnaiomHHCfl TeM, hto npoBoaamyio cnnpajib 
o6pa3yK)T HaicaTKofi, b BH/ie KaHaBKH, h 3anojiHHK)T ctckjiobhahoh Maccofi. 

14. Cnoco6 no n.l 1, hjih n.12, OTJinnaiomnHCH TeM, hto npoBoaama* cnnpajib 
BbinoJiHeHHeTCH Ha CTeHKe b BHae BbinyKJioro cjioh H3 ctckjiobhzihoh Maccw. 

15. Cnoco6 no n.l 1, hjih n.12, hjih n.l 3, hjih no n.l 4, oTjinnaiouuHHCa TeM, hto noTOK 
25 Tenjia b pacKpbiTHe TpemHHbi peryjinpyioT MomHOCTbio nponycKaeMbix KOJie6aHHH. 
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16. Cnoco6 no n.l 1, hjih n.l 2, hjih n.l 3, hjih no n.14, oTJMHaiomHHca TeM, hto MOuxHOCTb 
nponycKaeMbix KOJie6aHHM y BeJi h h h BaiOT eryneHAMH. 

17. YcTpoHCTBO hjih ocy mecTBJie h h h cnoco6a no n.l 1, hjih n.l 2, hjih n.l 3, hjih no n.l 4, 

5 hjih n. 1 5, hjih n.l 6, co^ep>Kauxee aaTHHK h mohhtop, nocjieaoBaTejibHO cocah hch h tie 

6jiok nHTaHH», npeo6pa30BaTejib nocTOHHHoro Hanpa>iceHHfl b nepeMeHHoe 
Hanpn>KeHHe, H3JiyMaTe/ib h oirroaJieiapoHHyio napy, KOTOpaa coe^HHeHa c aaTHHKOM b 

BHiie BOJIOKOHHO-OnTHHeCKOfi J1HHHH H nepBbIM BXOflOM MOHHTOpa, BTOpOH BXOJl 

KOToporo noAKJiiOMeH k Bbixoay npeo6pa30BaTeji5i nocTOHHHoro HanpaaceHHH b 
10 nepeMeHHoe, oTjiHHaiomeeca TeM, hto BOJioKOHHO-onTHHecKaa jihhhh BbinoJiHeHa b 

BHjxe cjioh cTeKJiOBHflHOH Maccbi, o6pa30BaHHoro no KpaHHen Mepe oahoh npoBOAamen 
cnnpajibio TpyGonpoBoaa, paccTOHHHe Meacay coce^HHMH BHTKaMH KOTopofi Bbi6paHO 
He 6ojibiue AJiHHbi kphthhcckoh TpemHHbi. 

18. YcTpoficTBo no n.l 7, oTJinnaioiueecfl TeM, hto H3JiynaTejib onToaJieiopoHHOH napw 
1 5 BbinojiHeH b BHfle Jia3epa. 
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